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DIRECT SAW FREQUENCY SYNTHESIZER
Alan J. Budreau and Paul H. Carr
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ABSTRACT.
hopping among 219 tones is described.

MA 01731

A frequency synthesizer utilizing three elementary direct synthesizers to achieve fast frequency
The elementary synthesizers used for the two 9-channel sets of tones con-

sist of a comb generator followed by a surface acoustic wave (SAW) filterbank and a high speed 1 x 9 switch.
Although this comb generator plus filterbank synthesizer is limited to cases in which the required frequencies

are evenly spaced, this in fact does not prove to be very
significant advantages which are enumerated.

Introduction

The widespread requrements for frequency synthe-
sizers for many types of electronics have led to the
development of many competing designs. Phase locked
loop oscillators, direct synthesis, and digital synthe-
sis are the approaches generally used. Each of these
can benefit from the use of some SAW components. The
approach discussed here is direct synthesis with SAW
components for size and cost reduction. To achieve 219
frequencies with only 21 tones required internally, a
dual mixing scheme was chosen. A powerful alternative
technique for frequency synthesis which has gained much
attention has been the mixing of two linear chirps.

The relative merits of each approach must be considered
in connection with a particular application. As will

be discussed later, requirements for frequency accuracy
and stability and spurious levels precluded the use of
the mixed chirp approach for this particular application.

Direct Frequency Synthesizer

A block diagram of the proposed synthesizer is
presented in Fig. 1. In this design, a requirement for
219 tones required a more efficient design, in terms of
tones per filter, than would have been achieved with a
basic synthesizer of 219 tones. Furthermore, such an
approach would have presented severe problems with the
close relative spacing of the tones. By mixing to-
gether two sets of 9 tones and one set of 3 tones, we
achieve capability of 9 x 9 x 3 = 243 tones. This
requires 18 SAW filters plus the 3 other frequency
sources. In the particular application, we only make
use of 219 of these. It should be noted that in a
maximally efficient design, it would be possible to
choose 7 tones which could be used 3 times, to yield

restrictive. The scheme is conceptually simple, and has

Comparison is made with the mixed chirp synthesizer.

This synthesizer consists of four blocks. We will
consider first the source package. The one MHz clock
provides the reference to all five phase-locked-loop-
oscillators (PLLOs) of the source package. PLLOs com-
bined with triplers are an efficient way to achieve the
high multiplication ratios for controlling the 3;3 MHz
and 414 MHz mode-locked SAW oscillators (MLSOs).l:2
Similarly, the very high and nonintegral ratios for the
1984 MHz, 1985 MHz, and 1986 MHz tones are obtained with
the remaining three PLLOs, followed by multiplication by
20. The use of these PLLOs, along with the presence of
a choice of 3 tones at the second mixer, plus the use of
the doubler, represent the significant changes from the
synthesizer reported previously.3~> A high-speed 3 x 1
switch allows rapid frequency hopping among the 1984-1986
MHz tones. The upper two outputs of the source package
are comb spectra, as in Fig 2. We had originally plan-
ned to use conventional solid-state electronics for the
entire source package. However, the MLSC approach has
proved so attractive in reducing size, weight, cost, and
power consumption that we have adapted it as our tech-
nique of choice.

The SAW and switch package is the "heart" of the
direct frequency synthesizer. Each comb spectrum is
multiplexed to a SAW filterbank fabricated on one to
three chips. Each of the filterbanks has 9 simultaneous
CW outputs, each of which is connected to the correspond-
ing tap on a 1 x 9 high-speed switch. The output of
each is a single fast-frequency hopped tone, which is
then amplified. The lower output is doubled and filter-
ed (the doubler package is the unlabeled small block),
then fed to the first mixer. The difference tone, in
the 378-615 MHz frequency range, is filtered and combined,

73 = 343 tones with only 7 filters. in the second mixer, with the 1984-1986 MHz tone. The
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Figure 1 SAW FAST FREQUENCY SYNTHESIZER
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difference signal out of the latter mixer, after appro-
priate filtering and amplifying with limiting, becomes
the frequency-hopped output covering the 1369-1606 MHz
frequency range. Choice of the levels, mixers, and
filters is optimized5 to keep the spurious signals the
required 63 dB below the output level. Design of the
SAW filters, themselves,® is particularly critical in
obtaining the required performance. A combination of a
withdrawal weighted and an apodized transducer was used
for each filter, with double electrodes used through-
out. The original mixer synthesizer design5 had called
for the higher set of 9 tones to be generated directly
in the required 720-936 MHz band, but the design and
fabrication of such SAW filters to meet the required
specifications could not be quickly done. Reducing this
band to one-half the frequency and adding the doubler
package allowed the use of double electrodes and also
allowed similar design techniques to be used for all of
the SAW filters.

Experimental Results

A 321 MHz filter channel, with an insertion loss
of approximately 16 dB, was completed as a test device.
This channel was connected to the output of a prototype
SAW comb generator. developed by United Technologies
Research Center.-*» The output of the comb generator,
centered at 333 MHz, with 3.0 MHz signal spacing, as
well as the 321 MHz output of the SAW filter, is shown
in Fig. 2. The spurious level is below the maximum
allowed -63 dBc level. Additional details may also be
in Ref 6.

COMB GEN OUTPUT
(dB)
»

333 MHz

FREQ SYNTHESIZER
(dB)

n L L Il 4 A L Bl

321 MHsz

: Figure 2 FREQUENCY (5.0 MHz / DIV)

Discussion and Comparison of the Direct Synthesizer
and the Mixed Chirp Synthesizer

These two approaches are sufficiently different
that comparison is, at best, difficult. Clearly, each
has its advantages and disadvantages, so that the final
choice must be a function of the specific application.
To make the comparison as clearly as possible, Table 1
was prepared, patterned after the one in Ref 7. Note
that the table in Ref 7 contained an error, in that our
direct synthesizer was characterized as only being
capable of short hops. In fact, it is capable of any
length tone and usually is tested while producing CW.
Figure 3 shows the two elementary synthesizers being
compared. Advantages common to both these synthesizers
are very rapid switching times (few nanoseconds),

compactness, and relative low cost and power consump-
tion.

The direct SAW synthesizer, since it has all its
tones available as CW, can yield a continuum of duration
of tone from very short pulses (a few cycles) to CW.
Note that the elementary chirp synthesizer inherently
operates in an impulse mode, and can be used for long
pulses or CW only at the expense of duplicating the
lower part of Fig. 3 to allow the signal to be alter-
nately produced by two channels.

Figure 3

For the same reason, the direct synthesizer can be
used either to yield n simultaneous tones, where n is
the number of channels, or else for the maximum possible
switching speed, limited only by the speed of the
switch itself. Note that in a mixer direct synthesizer,
as shown in Fig. 1, the CW signals present at the center
of the figure can be multiplexed g-fold and the right-
hand side of the figure duplicated q times to yield g
simultaneous independent output signals. Since most of
the cost, bulk, and power consumption are represented in
the source package, this is an efficient route.

A major advantage of the direct synthesizer is that
the output tones are ultimately derived from the input
clock, so that their frequency accuracy also is derived
from that clock. Note that it does not, for small
increments in transducer dimensions, change with the
SAW, i.e. fabrication or temperature-induced SAW fre-
quency errors will degrade the output level or the
spurious response but will have no effect on the output
frequency. This is important for our application, where
precision of the order of 1 ppm is required. In the
chirp synthesizer, on the other hand, the instantaneous
output frequency is a function of the instantaneous
frequency out of the SAW at that point in time and of
the time spacing between the chirps. Any error will be
represented in a frequency error, as will any timing
spacing error. If (ref. 8) for the simple difference
single SAW synthesizer shown in Fig. 3, w=ut where w
is the output frequency, u is the dispersive slope, and
1t is the time interval between pulses, it follows that

:—‘:- u, Or Aw = uAr
thus, the timing accuracy is critical. If, for example,
we consider the synthesizey in Ref. 8, with a 5 MHz/p
sec dispersive slope, a bh
would require a timing accuracy of 0.20¥ nanosec, or 10¢
ps, not counting the errors associated with the SAW. It
is doubtful if this could be achieved.

Another strong point of the direct synthesizer, and
one essential for our application, is its capability for
achieving over 60 dB spectral purity, as shown in Fig.
2. Reference 8 indicated only about 24 dB for a mixed

error of <v-TaMoses. 000 Hg




TP

s

Budreau and Carr

Table 1. Comparison of Elementary Synthesizers

Synthesizer Hop Duration #Simult. Freg. Precision Spectral S[N Bandwidth # of Freg.
Tones Purity
? dB That of n
Direct SAW Any n As good as clock »60 a8  >100 o Plitertank (n® if m
stages used)

Mixing Chirps Short 1 Linited by timing ~io ap > 12048 P continuum

(long requires accuracy and SAW (RAC) z

2nd channel)

chirp, and it is estimated that RAC filters can improve References

this to around 40 dB.

In many applications, the signal-to-noise ratio is an
important parameter. Figure 2, taken at a band-width of
3 kHz, is consistent with a S/N ratio of over 100 dB/Hz.
We have not yet set up the special narrow band measure-
ment techniques required to determine whether it satis-
fies our design specifications for a noise floor of
-122 dB/Hz. In this approach, it is important to keep
the source noise from the mixers and amplifiers minimal
by not allowing the power levels to drop to the point
where the signal is no longer at the required amplitude
above the noise. However, some broadband noise is
filtered out by the SAW filters. In the mixed chirp
approach, there is a "processing loss" (i.e., the oppo~
site of processing gain) effect due to splitting up the
energy of a single impulse into a wideband continuous
spectrum to produce the chirp. Thus the S/N ratio is
degraded by the time-bandwidth product, TB.

The bandwidth of the direct synthesizer is that
achievable by the comb generator and the filterbank.
As practical limitations hold each of these to around
25%, wider percentage bandwidths require mixing.
Depending on the design approach, the mixed chirp syn-
thesizer has a maximum bandwidth equal to the bandwidth
of the SAW or equal to one-half that value.

The number of frequencies achievable by the ele-
mentary direct synthesizer is n, the number of filters.
However, as in our example, the mixing of m stages with’
n tones each, allows the synthesis of n™ frequencies.

In the mixed chirp synthesizer, on the other hand, there
are no discrete frequencies, but rather a continuum
available by "sweeping" the pulse interval. This is an
advantage in terms of flexibility, but, as we have seen,
a disadvantage in terms of frequency accuracy. So, here
the choice depends critically on the specifications to
be met.

Conclusions

Thus, while both of these types of SAW frequency
synthesizers have their advantages, the direct synthe-
sizer approach is clearly superior where high spectral
purity, frequency precision, signal/noise ratio, or a
combination of these factors is essential.

Acknowledgement

This work would not have been possible without the
SAW design work and continued advice of A. J. Slobodnik,
the advice and mechanical design work of M. R. Stiglitz,
and the technical assistance of W. J. Kearns, G. A.
Roberts, and J. H. Silva. We also acknowledge the
development of the SAW comb generator by Dr. M. Gilden
and his colleagues at the United Technologies Research
Center.

M. Gilden, T. M. Reeder, and A. J. DeMaria, "The

Mode Locked SAW Oscillator," Proc. 1975 Ultrasonics
Symposium, pp 264-8, September 1975.

M. Gilden, "Stabilized SAW Comb Spectrum Generators,"

Proc. 1977 Ultrasonics Symposium, Paper BB-3,
October 1977.

A. J. Budreau, P. H. Carr, and K. R. Laker,
"Frequency Synthesizer Using Acoustic Surface Wave
Filters," Microwave Journal, 17, pp 65-9, March
197k,

K. R. Laker, A. J. Budreau, and P. H. Carr, "A
Circut Approach to SAW Filterbanks for Frequency
Synthesis," Proc. IEEE 64, pp 692-5, May 1976.

A. J. Slobodnik et al., "SAW Filters for Frequency

Synthesis Applications," Proc. 1976 Ultrasonics
Symposium, pp 432-5, September 1976.

A. J. Slobodnik, K. R. Laker, T. L. Szabo, W. J.
Kearns, and G. A. Roberts, "Low Sidelobe SAW Filters
Using Overlap and Withdrawal Weighted Transducers,"

Proc. 1977 Ultrasonics Symposium, Paper T-4,
October 1977.

G. Manes and P. Grant, "Frequency-Hopped Waveform
Synthesis with a Surface-Acoustic-Wave Tapped Delay
Line," Electronics Letts. 12, pp 39-41, January 1976.

J. M. Hannah, P.M. Grant, and J. H. Collins, "Fast
Coherent Frequency Hopped Waveform Synthesis Using

SAW Devices," Proc. 1976 Ultrasonics Symposium,
pp 428-431, September 1976.




